Enhanced Attitude Stability and Control for CubeSats by Real-Time On-Orbit Determination of Their Dynamic Magnetic Moment by Lassakeur, Abdelmadjid et al.
69th International Astronautical Congress (IAC), Bremen, Germany, 1-5 October 2018.  
Copyright ©2018 by the International Astronautical Federation (IAF). All rights reserved. 
IAC-18-E2.4.1                           Page 1 of 8 
IAC-18-E2.4.1 
 
 
Enhanced Attitude Stability and Control for CubeSats by Real-Time On-Orbit Determination of Their 
Dynamic Magnetic Moment 
 
 
Abdelmadjid Lassakeur*, Craig Underwood, Benjamin Taylor 
 
Surrey Space Centre, University of Surrey, Guildford GU2 7XH, United Kingdom, a.lassakeur@surrey.ac.uk, 
c.underwood@surrey.ac.uk, b.taylor@surrey.ac.uk 
* Corresponding Author  
 
Abstract 
CubeSats are being increasingly specified for demanding Earth Observation and Astronomical applications where 
precise pointing, agility and stability are critical requirements. Such precision is difficult in the case of CubeSats, 
mainly because their small moment of inertia means that even small disturbance torques, such as those due to a 
residual magnetic moment, have a significant effect. In addition, hardware limitations in terms of power, weight and 
size, make the task more challenging. The effect of magnetic disturbances has shown itself by the problem of high 
tumbling rates observed on several CubeSat missions. Post-flight analysis indicates this is often due to un-modelled 
magnetic moments mainly caused by the current flowing in the spacecraft. Some CubeSats also carry permanent 
magnets. However, by contrast, the other typical attitude disturbance sources for spacecraft (gravity gradient, 
aerodynamic, and solar radiation pressure torques) decreases significantly when the satellites become small.  
Recently, a research programme has been undertaken at Surrey Space Centre at the University of Surrey, to study the 
source of the residual magnetic field in CubeSats, and to characterise the effect of the resulting disturbance on the 
attitude of the spacecraft. It has been found that, although the disturbances may be minimised by good engineering 
practice, in terms of minimising current-loop areas, and minimising the use of permeable materials, these 
disturbances can still be an issue when a high degree of stability is required. The dynamic nature of the disturbances 
requires an active mitigation strategy. We therefore propose a new technique using a network of magnetometers to 
dynamically characterize and then compensate the calculated residual magnetic moment – in flight and in real time. 
This can be done by implementing a network of eight miniature 3-axis magnetometers on the spacecraft, with an 
additional one mounted on a deployable boom. These are used to determine the strength and the centre of the 
magnetic dipole of the spacecraft dynamically. The information will be used by the Attitude Determination and 
Control System (ADCS) control loops to compensate the measured residual magnetic moment. This technique will 
contribute to achieving more precise pointing, agility and stability of CubeSats. A hardware prototype using eight 
HMC1053 3-axis magnetometers monitored and controlled via a Raspberry Pi, was developed and successfully 
tested with the engineering model of the Alsat-1N CubeSat in a Helmholtz Coil arrangement at the Surrey Space 
Centre. This demonstrated the real-time dynamic measurement aspect of the technique proposed in this paper. This 
paper reports on our findings to date. 
 
Keywords: ADCS, CubeSats, Magnetic Control, Stability. 
 
Acronyms/Abbreviations 
ADCS:   Attitude Determination and Control System 
CNES :   Centre National d'Etudes Spatiales 
COTS:    Commercial Off-The-Shelf 
DLS:      Damped Least-Squares 
EM:       Engineering Model  
I2C:        Inter-Integrated Circuit (I-squared-C) 
IGRF:     International Geomagnetic Reference Field 
WRT:     With Regard To 
 
1. Introduction 
CubeSats are built to standard dimensions, with a 
base unit volume (U) of 10x10x10 centimetres.  They 
can be 1U, 2U, 3U, or 6U in size and less than 1.33 kg 
of mass per unit [1]. This concept was first proposed in 
November 1999 by Professor Robert Twiggs from 
Stanford University at the 2nd Space System 
Symposium. It has since been adopted widely by the 
universities and the space industry [2], 875 have been 
lunched up to 11th of August 2018 [3]. CubeSats are a 
demonstration that very small size satellite technology 
developed, mostly, using commercial off-the-shelf 
(COTS) components, can perform practical space 
missions, often as university projects for space 
engineering students wanting to test out some new 
technology or technique [4]. This class of spacecraft is 
also being increasingly used for Earth observation and 
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astronomical applications where precise pointing and 
high attitude stability are critical requirements. 
Given the power, volume and cost limitations of 
CubeSats, several challenges have to be addressed by 
the CubeSat community. One key challenge is the 
provision of a precise attitude determination and control 
system (ADCS), as the small size of the satellites means 
less volume, less mass and less power for sensors, 
actuators and algorithms processing [5]. Moreover, 
many CubeSats have been observed to suffer from 
unwanted magnetic dipole moments, which become the 
dominant source of attitude disturbances for such small 
moment of inertia platforms. To remedy this, the source 
of these disturbances should be reduced on the ground 
(e.g. by good design practices) and, ideally, any residual 
cancelled in-orbit, in order to achieve the required level 
of attitude control [4], [6]. 
The aim of this paper is to describe these sources of 
the residual magnetic moment and to evaluate their 
effect on the attitude of CubeSats. A new technique is 
proposed to mitigate these disturbances, which uses a 
network of magnetometers to characterize the 
disturbance magnetic field and which then uses in-built 
electromagnets to compensate the residual magnetic 
moment – in orbit and in real time. 
 
2. Magnetic Disturbance Challenges to Attitude 
Determination and Control Systems 
As CubeSats have very small moments of inertia, 
and are usually operating in the vicinity of Earth, it is 
found that internal magnetic moments dominate over 
other environmental factors (e.g. gravity-gradient, 
aerodynamic and Solar radiation pressure torques) in 
terms of producing unwanted attitude disturbances. This 
is due to the Earth’s magnetic field, which interacts with 
any residual magnetic field of the spacecraft that results 
in a net magnetic dipole moment [7], [8], [9]. 
The effect of magnetic disturbances has shown itself 
by the problem of high tumbling rates observed on 
several CubeSat missions. Post-flight analysis indicates 
this is due to un-modelled dynamically changing 
magnetic moments mainly caused by the current 
flowing in the spacecraft – both in the wiring harness 
and in the layout of the solar panels. Some CubeSats 
also carry permanent magnets – e.g. for electric motors 
– ironically often used in the ADCS systems for 
momentum wheels! However, by contrast, the other 
typical attitude disturbance sources for spacecraft 
(gravity gradient torque, aerodynamic torque, and solar 
radiation pressure torque) decrease significantly when 
the satellites become small [10] 
 
2.1 Residual Magnetic Moment 
The main sources of current loops in CubeSats that 
generate a dynamic magnetic moment in the spacecraft 
are from the harness of the spacecraft and from the 
layout of the solar panels. The current flowing in the 
solar panels (i.e. the cells and their associated wiring) 
generates a residual magnetic field due to the resulting 
current loops. Several methods are available in the 
literature, which can reduce these current loops [11], 
including placing tracks of opposite current flow next to 
one another, or laying them on top of one another in a 
multi-layer printed circuit board. 
The battery generates a current loop that causes 
some dipole change when changing the charge or 
discharge rate of the batteries [12], but this usually 
doesn’t have an significant effect compared to other 
sources. 
The magnetic torque (T) generated by the interaction 
of this magnetic dipole (m) with the Earth’s magnetic 
field (B) is given by: 
 
?⃗? = ?⃗⃗? × ?⃗?        (1) 
 
Many CubeSats use magnetorquer coils (or 
solenoids) to provide a controlled external torque for 
attitude control. This deliberate generation of a 
magnetic dipole is not a problem – it is only if the 
dipole is uncontrolled or unexpected that it becomes an 
issue. However, one consequence of actuating a 
magnetorquer could be that any magnetically permeable 
material on-board the satellite becomes magnetised, 
thus leaving an unwanted residual dipole moment. It is 
for this reason that magnetorquer solenoids should make 
use of low-remanence ferromagnetic cores – such as 
Supra-50 alloy [13].  
The presence of permanent magnetic material in the 
spacecraft generates a permanent source of magnetic 
moment in the spacecraft, which does not vary over 
time. This source should be known and taken into 
account by the ADCS to cancel it using actuators when 
controlled attitude is required. Some CubeSats use such 
permanent magnets to provide their main form of 
attitude control (magnetic stabilisation). When coupled 
to a dissipative mechanism (such as a fluid loop or 
simply due to eddy current formation), the magnetic 
dipole becomes locked to the Earth’s field – thus, 
making the magnetic dipole axis of the spacecraft track 
the Earth’s magnetic field direction. Without the 
dissipative mechanism, the system will not settle. 
 
2.2 Magnetic Properties of Materials 
Materials which retain their magnetism and are 
difficult to magnetise or demagnetize are called hard 
magnetic materials. They have a large hysteresis and 
low permeability. In contrast, soft magnetic materials 
have a low hysteresis and a large magnetic permeability 
and thus respond very sensitively to the presence of any 
external magnetic field – they are easy to magnetize and 
demagnetize. Therefore, the use of hard ferromagnetic 
or (preferably) non-ferromagnetic materials, such as 
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some forms of stainless steel (e.g. 304 or 316 alloy), 
aluminium, copper or titanium, are recommended for 
spacecraft magnetic cleanliness, whereas soft magnetic 
materials such as iron, nickel and mild steel are not [14]. 
 
3. Characterization of the Satellite Residual Dipole 
To compensate the magnetic disturbance precisely, 
the residual magnetic dipole has to be measured or 
estimated accurately. Different methods exist in the 
literature to estimate the residual dipole of a spacecraft 
in orbit by using magnetic field models for the Earth 
(such as the International Geomagnetic Reference Field 
(IGRF)) and knowledge of the inertial properties of the 
spacecraft (captured in the inertia tensor – i.e. the matrix 
comprising the 3 moments of inertia and the 6 products 
of inertia) [15]. However, difficulties arise when it 
comes to effectively measure (rather than estimate) the 
magnetic dipole moment. 
 
3.1 Dynamic Residual Dipole Characterization 
On the ground, determination of the spacecraft’s 
magnetic moment dipole magnitude and direction 
require an accurate knowledge of the strength and 
direction of the surrounding magnetic field of the 
spacecraft. Many techniques were successfully 
developed by NASA in early 1960s and are described in 
detail in [16]. However, these methods have some 
limitations – for example, one of the techniques used – 
the resonance technique – is designed only to measure 
small dipole moments of large spacecraft [17]. 
Three other methods have been used by Intespace 
and Centre National d'Etudes Spatiales (CNES) in 
Toulouse, France: 
 The first is the “6 faces” method that involves 
measuring the magnetic field at the centre of the six 
faces of the (cuboid-shaped) spacecraft and the 
equipment then calculates the magnetic moment 
considering a centred dipole approximation. 
 The second is the determination of the Fourier 
coefficients of three circular magnetic field 
measurements on the three orthogonal planes (XY, 
YZ and ZX). 
 The third technique was developed in 2012, and 
consists of using spherical measurements and 
spherical harmonics modelling [18]. 
 
By assuming the spacecraft field to be a dipole 
magnetic field, the far field is easily resolved using the 
methods described in [19]. This is also used for the 
geomagnetic field determination, whereas the 
complexity of the determination of the magnetic dipole 
arises when it comes to the near magnetic field scaling.  
The method adopted in our research is described in 
[14] and uses Cartesian coordinates, where it is possible 
to take many measurements of the magnetic field close 
to the spacecraft at the same time, then the dipole is 
determined using Levenberg–Marquardt algorithm also 
known as the damped least-squares (DLS) method. 
 
The magnetic field as a function of the generated 
dipole in free space, is given by  Eq. 2:  
 
              ?⃗? (𝑥, 𝑦, 𝑧) =  
𝜇0
4𝜋
[
3?̂?(?̂?.?⃗⃗⃗? )−?⃗⃗⃗? 
|𝑟 |3
]             (2) 
 
Where  
?⃗? (𝑥, 𝑦, 𝑧)  = the magnetic field at the location (x,y,z) 
𝜇0            = the permeability of free space 
?⃗⃗?             = the magnetic dipole moment 
𝑟             = the vector from the dipole centre (x,y,z) 
?̂?           = a unit vector in the direction of 𝑟  
 
After some manipulations of Eq. 2, equations Eq. 3 
to Eq. 5 may be derived, which describe each 
component of the magnetic field: 𝐵𝑥 , 𝐵𝑦  and 𝐵𝑧  as a 
function of its location (x,y,z) and the magnetic dipole 
location (a,b,c). The dipole has an orientation which is 
described by a unit vector with components (m, n, p) 
and a total dipole magnitude of S [20]. 
 
𝐵𝑥 = 
𝜇0. 𝑆
4𝜋
[
3[𝑚(𝑥 − 𝑎) + 𝑛(𝑦 − 𝑏) + 𝑝(𝑧 − 𝑐)]. (𝑥 − 𝑎)
𝑅5
−
𝑚
𝑅3
]  (3) 
 
𝐵𝑦 = 
𝜇0. 𝑆
4𝜋
[
3[𝑚(𝑥 − 𝑎) + 𝑛(𝑦 − 𝑏) + 𝑝(𝑧 − 𝑐)]. (𝑦 − 𝑏)
𝑅5
−
𝑛
𝑅3
]  (4) 
 
𝐵𝑧 = 
𝜇0. 𝑆
4𝜋
[
3[𝑚(𝑥 − 𝑎) + 𝑛(𝑦 − 𝑏) + 𝑝(𝑧 − 𝑐)]. (𝑧 − 𝑐)
𝑅5
−
𝑝
𝑅3
]  (5) 
 
R is the distance from the dipole to (x, y, z) and is 
given by 
 
𝑅 = √(𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 + (𝑧 − 𝑐)2              (6) 
 
Given magnetic field measurements at known 
locations, six unknowns have to be determined. 
 
4. Methodology and Experiments 
 
4.1 Magnetic Cleanliness 
No spacecraft can be integrated without incurring a 
residual magnetic field generated by itself from the 
wiring and its electronic and electromechanical 
components. This can be an important source of ADCS 
disturbance. The critical instruments and sensors of the 
mission (e.g. magnetometers) need to be protected from 
these spurious magnetic fields if the external field needs 
to be measured accurately. 
To minimize the magnetic sources on-board the 
satellite, a so-called magnetic cleanliness program can 
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be run by employing the following plan to ensure that 
the spacecraft magnetic field stays sufficiently low [21]: 
 
 Avoid using ferromagnetic materials wherever 
possible. 
 Reduce the current loops in cabling and solar 
panels. 
 Identify the magnetic sources as early as possible 
and minimize them. 
 Characterize the identified magnetic sources by 
measuring and modelling their magnetic behaviour. 
 Calculate and measure the influence of all magnetic 
sources on the instruments. 
 Use magnetic field compensation methods to 
minimise the residual magnetic field at the location 
of the instrumentation [21]. 
 
4.2 Magnetic Sensor Calibration 
For precise and reliable magnetometer readings, 
magnetometer calibration is a critical part of  magnetic-
based attitude determination systems [20]. The 
calibration should include sensitivity calibration, sensor 
zero offset and misalignment between magnetic and 
mechanical axes. If a boom is used, the misalignment 
angles are between the sensor axes at the end of the 
boom and the body coordinate system [22].  
 
4.2.1 Magnetometer Selection 
A survey has been conducted to select the most 
suitable magnetometer for this research. Out of many 
(low cost) commercial-off-the-shelf magnetometers 
available, the Honeywell HMC1053 three-axis 
magnetometer was selected (Fig. 1). These are 
magnetoresistive sensors are designed for low level 
magnetic field sensing. They have low power 
consumption, can be used over a wide temperature 
range, and they are already used on-board many 
CubeSats. The main problem of this type of 
magnetometer is that its output drifts with temperature, 
and therefore it needs careful calibration. Table 1 
summarises its properties. More precise and sensitive 
magnetometers, such as flux gate magnetometers, are 
available, but these are much more bulky and have a 
higher cost. 
 
 
 
 
Fig. 1. Honeywell HMC1053 Three-Axis Magnetometer 
 
 
Table 1. Honeywell HMC1053 Three-Axis 
Magnetometer Main Characteristics 
Characteristics Min Type Max Units 
Supply  1.8 3.0 20 Volts 
Operating To -40 - 125 o C 
Field Range -6 - +6 gauss 
Resolution - 120 - µgauss 
Bandwidth - 5 - MHz 
Note: the gauss is the old cgs unit of magnetic flux density. 
The SI unit is the tesla: 1 gauss = 10-4 tesla (100 T) or 1 
gauss = 0.1 nT. The Earth’s magnetic field strength in low 
Earth Orbit is typically ~30-60 nT. 
 
4.2.2 Honeywell HMC1053 Calibration Results 
To calibrate the eight magnetometers used in this 
research, we used a highly accurate smart digital three-
axis magnetometer: the Honeywell HMR2300 as a 
reference. The experiments were carried out in a set of 
3-Axis Helmholtz Coils (Fig. 5), where we can tune the 
current in each axis in order to obtain the desired 
magnetic field direction and strength in both directions. 
Figures 2.a, 2.b and 2.c Show the calibration results 
in three axes for one sample of the HMC1053 
magnetometer. The others performed similarly 
 
 
Fig. 2a. X-Axis Calibration Data of the HMC1053 
Magnetometer 
 
 
Fig. 2b. Y-Axis Calibration Data of the HMC1053 
Magnetometer 
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Fig. 2c. Z-Axis Calibration Data of the HMC1053 
Magnetometer 
 
4.3 Residual Dipole Moment Determination Techniques 
Having applied the magnetic cleanliness programme 
to the satellite and alleviated the residual magnetic 
moment during the definition of the mission and the 
integration of the spacecraft, the ultimate goal of this 
research is to develop a reliable method to characterize 
the magnetic dipole of the spacecraft both on the ground 
and in orbit. For the ground tests, a Helmholtz coil 
arrangement is used to null out the Earth’s magnetic 
field, and then a series of magnetometers are arranged 
around the spacecraft to measure the field just outside 
the spacecraft body (Fig. 5). We then apply the method 
described in [14],  to determine the dipole moment in 
different operational configurations. The new idea is to 
use a set of 8 miniature 3-axis magnetometers 
distributed around the spacecraft to determine the 
residual magnetic dipole on-board the satellite in orbit, 
and to do so, such that the information is available to the 
ADCS control loop so that this (dynamic) dipole can be 
compensated in real time. The advantage of this 
technique is that the control of the spacecraft can be 
improved without the need to change the existing ADCS 
hardware – simply adding in 8 more magnetometers 
(assuming one is already present). Fig. 3 shows the 
proposed layout of the magnetometers on a typical 3U 
CubeSat. 
 
Fig. 3. Magnetometer Positions on the 3U CubeSat. 
 The outer (boom-mounted) magnetometer is used 
as a reference reading of the external magnetic 
field. 
 The surface mounted magnetometers on the 
spacecraft will serve as an input to the algorithm, 
which determines the strength and the centre of the 
magnetic dipole of the spacecraft. 
 Finally, the magnetorquers and the momentum 
wheel will serve to compensate the measured 
residual magnetic moment in-orbit. 
Fig.4 shows a system diagram for the concept.  
Body 
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Fig. 4. Residual Magnetic Moment Determination and 
Cancellation Strategy 
 
4.4 Residual Dipole Determination of the AlSat-1N 
CubeSat 
The ground testing technique described above was 
applied to both the engineering and flight models of the 
AlSat-1N CubeSat. A set of 3-Axis Helmholtz Coils 
was designed and constructed in Surrey Space Centre, 
and used to null out the Earth’s magnetic field at the 
satellite (Fig. 5).  
 
 
Fig. 5. The 3-Axis Helmholtz Coil Test Facility with 
the EM of AlSat-1N Inside. 
 
The magnetic field of the spacecraft was measured 
when the spacecraft was turned off inside the Helmholtz 
Coil. The measurements of this test were made every 
2.5 seconds over a 15 minute period. These were used to 
determine the static magnetic dipole of the spacecraft. 
The results are illustrated in Fig. 6 and Fig. 7: 
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Fig. 6. The Measured Dipole Moment of the EM of Alsat-1N 
 
 
Fig. 7. The Measured Centre of the Dipole of the EM of Alsat-
1N Compared to the Geometrical Centre of the Spacecraft 
(0,0,0) – Displacement in metres 
 
Figures 6 and 7 show the magnitude and the position 
of the dipole of the engineering model of Alsat-1N 
CubeSat computed every 2.5s for 15 mins. As can be 
seen, the magnitude of the dipole is hardly varying and 
is consistently equal to 1.03 A.m2 (the spikes are just 
measurement noise). The calculated direction vector of 
the dipole is (-0.117, 0.346, 0.931). The position of the 
calculated centre of the dipole (Fig. 7) is found to be 
close to the geometrical centre of the spacecraft, but is 
tending slightly toward the boom payload, which 
contains permanent magnets in its motor. 
In this configuration, we have used a set of eight 
three-axis magnetometers and the measurements are 
synchronised, so that the field can be properly estimated 
at a particular instant of time. The circuit developed to 
read the magnetometers is based on the Raspberry Pi 3 
Model B and ADS1115, which is an I2C analogue-to-
digital converter (ADC) implemented in each sensor. 
The circuit is capable of reading all eight 
magnetometers (24 readings) in less than 20ms. 
4.5 Validation Method 
To validate the obtained results, we designed an air 
coil with 11cm diameter and 93 turns (Fig. 8) which can 
generate up to 2.5A.m2. The dipole can be easily 
calculated and it is a function of the number of windings 
(N) in the coil, its area (A), and the current (I) which is 
put through it. 
The magnetic dipole moment generated by a 
magnetic coil is expressed in units of Am2 and is given 
by [23]:  
 
𝑚 = 𝑁. 𝐼. 𝐴       (7) 
 
 
Fig. 8. The Air Coil with the Set of Eight Three-Axis 
Magnetometers. 
The eight magnetic sensors are put in the same 
position as the proposed flight configuration for a 3 U 
CubeSat (Fig. 8). Figure 9 shows the dipole moment 
calculated by the model based on the sensor 
measurements compared to the theoretically known 
dipole, where the air coil is put in the middle. These 
results are obtained by changing the input current of the 
air coil as shown on the green line in Fig. 9. This means 
that each step graduation in the graph represents a 
constant value of current and dipole. The experiment 
was carried out over ~6 minutes.  
 
 
Fig. 9. The Measured/Calculated Dipole Compared to 
the Known Dipole 
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Figure 10 shows the angle error between the true and 
known direction of the dipole which is in the x axis 
direction (-1,0.0) and the dipole calculated by the 
system over for each measurement step. 
 
Fig. 10. Dipole Direction Error Angle 
Figure 11 shows the calculated centre of the dipole 
based on the measurements, where the coil is put in the 
middle. 
 
Fig. 11. Dipole Centre Position – Displacement in 
metres 
We believe that the small differences in the 
magnitude of the dipole (Fig. 9), the direction of the 
dipole (Fig. 10) and the shift in the obtained dipole 
centre (Fig. 11), are all due to: 
 The small errors in the measured position and 
orientation of the magnetometers 
 Residual offsets and drift of the magnetometers 
 The air coil is not a “perfect” coil in the magnetic 
sense, as it has some length as well as width. 
 Levenberg Marquardt algorithm errors (although it 
is the best method compared to many methods used 
in this research to solve such a complicated and 
overdetermined system of equations. There are 
always small errors in the solution).     
 
However, as the differences are small, we consider 
that the results obtained in these experiments validate 
the resultant dipole of the satellite calculated by the 
method described in this paper. The experiments were 
repeated for several different positions of the coil, and 
similar correspondences between the measured dipole 
properties and the theoretically calculated dipoles were 
obtained.  
 
5. Conclusion 
Attitude determination and control systems of 
CubeSats have always suffered from their limitations, in 
terms of size, weight and power. CubeSats face an 
unwanted magnetic moment in orbit, which, because of 
the small moment of inertia of the satellite, is a 
dominant source of attitude disturbances.  
As discussed in this paper, all spacecraft have an 
associated magnetic field that depends on its material 
properties and the presence of current loops. Solar 
arrays should be designed to minimize generated 
magnetic disturbances, including the avoidance of using 
magnetic materials and a vigorous application of 
magnetic field cancellation techniques. Shunning of 
ferromagnetic materials is possible by careful material 
selection. Surveys of COTS solar arrays for CubeSats 
indicate that they are often not designed with magnetic 
cleanliness in mind. Therefore, magnetic cleanliness 
programme is an important step in the development of 
the spacecraft and reduces considerably the dipole 
moment of the satellite in orbit. 
This research proposes a new method to characterize 
the residual magnetic dipole moment of the spacecraft 
in order to cancel this disturbance, in-orbit, by 
implementing a network of eight surface-mounted 3-
axis magnetometers on the spacecraft, with an 
additional one mounted on a deployable boom. These 
are used to determine the strength and the centre of the 
magnetic dipole of the spacecraft dynamically, in-flight 
and in real-time. This information will then be used by 
the ADCS control loops and actuators mainly 
magnetorquers to compensate the measured residual 
magnetic moment. This technique will contribute to 
achieving more precise pointing, agility and stability of 
CubeSats.  
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